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the movements 
of microscopic 
University of 
Kentucky sheds 
new Light on the 
nature of a 
ndamental 
physical process. 
The ph rase "Loss of order· brings to mind 
images of a momentous nature. Floods uproot enormous trees. 
Tornadoes lay waste to entire towns. Fires spectacularly blacken 
hundreds of acres of dry forest. Disorder goes hand in hand with 
catastrophic change. 
Similarly, it has always been assumed that, on a microscop-
ic level, dramatic change goes with the disordering of matter-
what condensed matter physicists call a "phase transition." 
During a phase transition, matter, in changing from one state 
into another, loses its structure. Take, for example, the case of 
water: After it reaches its boiling point, it can only be convert-
ed to steam, regardless of how high the temperature is raised. 
But when and where does this disordering start? Previously, 
it was believed that a phase transition was always marked by 
dramatic behavior, such as the transformation of water into 
steam. In the language of phase transitions, these are called 
"singularities," and the standard theory assumes that a singular-
ity always marks a change in phase. But Herb Fertig, a con-
densed matter physicist at the University of Kentucky, argues 
that researchers may have been, in a sense, looking for a sign 
where there is not always one to be found. 
Using the University of Kentucky's Hewlett-Packard 
Superdome cluster, an Alliance supercomputing resource, Fertig 
U N D studies the behavior of vortices in thin film ferromagnets: tiny whirlpools within a layer of mag-netic material so flat that it is nearly two-dimensional. These 
systems are analogous to many other 
systems-including superfluids, superconducting materials, and 
thin crystalline solids, all of which have measurable properties 
determined by the state of the vortices or similar objects. Thus, 
the study provides an interesting window into how many other 
systems work. 
The vortices are minuscule. Contrary to the conventional 
wisdom of condensed matter physics, however, their phase 
transitions may be nearly imperceptible. 
Fig. 1 
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Magnets within magnets 
The thinnest of magnets actually consist of trillions of atoms, 
which themselves behave like tiny bar magnets. For certain 
atoms-iron, nickel, and cobalt, for example-these bar mag-
nets favor an ordered state at absolute zero, in which all the 
magnets are aligned. In two dimensions, when the temperature 
is above absolute zero but not too high, there is always some 
disordering, although not very strong. Condensed matter physi-
cists say such states possess "quasi-long range order." The sys-
tem only becomes truly disordered when vortices make their 
presence felt. 
In most thin-film magnets, vortices come in two varieties. 
A vortex consists of a magnet rotating clockwise in a horizontal 
plane around a fixed core. By contrast, an antivortex consists of 
a magnet rotating counterclockwise. The two objects are, in a 
way, like bar magnets themselves, oriented perpendicular to the 
plane of the real magnet. When the north pole of such an imag-
inary magnet is above the plane, there is a vortex; when it is 
below the plane there is an antivortex. 
Like simple magnets, vortex ''magnets" that are all pointed 
in the same direction tend to repel one another, to move as far 
from one another as possible. Thus, a field full of them will take 
on a lattice pattern. 
However, like two simple magnets positioned so that north 
and south poles are side by side, vortices that point in different 
directions will pair up, or bind. This is where things get really 
interesting, because the behavior of vortices is strikingly similar 
to that of elementary particles. When the temperature is high 
enough, the vortices are forced apart, or deconfined, despite 
their natural tendency to bind. It is only then that the thin-
film magnet becomes truly disordered. This process was discov-
ered in the early 1970s by a pair of researchers named 
Kosterlitz and Thouless, and it is accompanied by a weak but 
definite singularity-evidence of a phase transition. 
Figure 1. Think of a magnet as a crystal of microscopically small bar mag-
nets. The small magnets are the electrons in the atoms of the materials. 
Each bar magnet has a north pole (shown in red) and a south pole (blue). 
When these bar magnets align along a common direction-which happens 
for ferromagnetic materials when not too hot-the magnetization may be 
observed macroscopically. The tendency to align has to do with the way 
neighboring atoms interact and occurs only for certain materials, such as the 
iron atoms in a refrigerator magnet. 
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Fig. 2 
Figure 2 and Figure 3. Very thin ferromagnets can often 
be treated as two-dimensional materials. If the micro-
scopic bar magnets are also constrained so that they can 
only rotate in a plane (these are called "planar" or XY 
magnets), they can then have defects called vortices, or 
points around which the bar magnets rotate. The magnets 
rotate one way to create vortices (Fig. 2) and the other 
way {Fig. 3) to create antivortices. 
Vortices and antivortices are important for the disor-
dering of two-dimensional XY magnets. At Low tempera-
tures they are bound into vortex-antivortex pairs. 
Kosterlitz and Thouless showed that a phase transition 
occurs as the temperature is increased, above which the 
pairs unbind. When this happens, the magnet is in a Less-
ordered state. 
But what happens when a magnetic (or ~~symmetry-breaking") field is turned 
on? 11Its effect is to try to make the little bar magnets line up along a particular 
direction," says Fertig. As the system attempts to force all the magnets to point in 
this direction, it conflicts with the natural tendency of the bar magnets in the film 
to rotate around the centers of individual vortices. ''They have to rotate in a circle," 
he explains, llbut because of the extra magnetic field, the system doesn't want to do 
that, and the way it compromises is by confining the rotation to as small an area as 
possible." The result is what Fertig calls a string-a line in the film across which 
the bar magnets rotate in spite of the force exerted by the magnetic field. The 
strings connect vortices to antivortices and enhance their binding. And because 
of this, researchers realized that the Kosterlitz-Thou less mechanism for vortex 
unbinding would not work in a symmetry-breaking field. 
Elemental changes 
If vortex pair unbinding in a magnetic field is a phase transition in the usual sense, 
it should be accompanied by a singularity-quantities with peaks or cusps when 
plotted as a function of temperature or magnetic field. 11People were looking for 
those singularities," says Fertig. But they were never found, and strong arguments 
were developed that said they could not be present. But if unbinding were always 
accompanied by singularities, this would mean vortices would always be paired. IINo 
matter how hot you make the magnet, you can't make the vortices get to the com-
pletely disordered state. This seemed wrong to me." 
So Fertig created a physical model in which he could simulate the conditions 
that would lead to the phase transition, the state at which the vortices would 
unbind. III found that this unbinding occurs, but that it has a very different charac-
ter from [previous studies]-[it's] very subtle," he explains. 11The vortices do unbind, 
but you don't see singularities." 
Fertig realized that if this was true-if there really was a previously unknown 
unbound vortex state-it could have important implications not only for the study 
of magnetic vortices but for that of many other phenomena that undergo phase 
transitions. lilt opens up the question of what is meant by a phase transition," says 
Fertig, "if you don't have to go through a singularity." 
If no singularity occurs, the only way to understand what is happening is to 
look closely at the vortices themselves-a difficult task in the laboratory, where the 
particles are on the order of nanometers and can be seen only by scanning tunnel-
ing microscopes. So, to test his hypothesis, Fertig has created a simulation in which 
a lattice of bar magnets is subjected to a magnetic field. The simulation allows him 
to easily track the vortices. liAs the simulation goes on, the configuration of the 
magnets is changing, and at any moment I can ... identify where the vortices are." 
Fertig has developed a measure of how far apart the vortices are at any 
moment in the simulation. liThe idea is that because of the way the simulation is 
constructed, there's actually a maximum distance that the vortices can be apart. We 
run the simulation and we ask how many times during the course of the simulation 
we see vortices [separated by] the maximum possible distance." Keeping track of 
the fraction of configurations with this maximum separation allows Fertig to identify 
when a phase transition might be taking place. If the fraction decreases to zero as 
the system size is increased, the vortices are in a bound state. However, if the 
fraction reaches a finite number, he can identify an unbound state. 
In his simulation on the Superdome at the University of Kentucky, Fertig is able 
to show three phases. With a low-intensity magnetic field and a reasonably high 
temperature, the vortices can be unbound. He has also identified two phases in 
which a high-intensity magnetic field causes the vortices to bind together in two 
different ways. 
Fig. 4 
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As a result, Fertig is getting closer to identifying the boundaries 
between the three phases. "We have two 'knobs' that we can turn," he 
says, magnetic field and temperature. "If you make a graph of temper-
ature on one axis and magnetic field on the other, there will be a line 
that separates the unbound vortex phase from the bound vortex phas-
es, and we would like to know where that line is." 
Fertig is currently conducting these same simulations on a much 
larger scale, trying to map out the phase boundary. To achieve this, 
and to confirm the correlation between the formation of strings and 
the unbinding of vortices, Fertig predicts that he will use 120,000 
hours of computing time. 
It requires a lot of computing power to study something so 
infinitesimal that it went unnoticed for 25 years. 
This research is supported by the National Science Foundation. 
Access Online http:/ jaccess.ncsa.uiuc.edujCoverStoriesjvortices/ 
Figure 4. Applying a magnetic field {B) profoundly affects the 
configuration of microscopic bar magnets. Because bar magnets 
favor alignment along the direction of a magnetic field, the region 
in which the bar magnets rotate around a vortex or antivortex 
becomes confined to a string. This string turns out to enhance the 
binding of vortex-antivortex pairs. It was commonly assumed that 
the enhanced binding would stop these pairs from separating, 
For further information: 
http:/ jwww.pa.uky.edu/bios.Fertig.html 
Team members 
Herb Fertig 
Joe Straley 
no matter how hot the system might become. In the figure, 
+indicates a vortex and * an antivortex. 
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Figure 5 and Figure 6. Snapshot of a simulation 
for a clean system. + indicates a vortex and * an 
antivortex. Most of these are bound tightly into 
pairs. Occasionally, however, one can see a 
relatively separated pair (inset, Fig. 6) • 
The bar magnets are shown as lines with a dot 
indicating the south pole of the magnet. The 
magnets are color coded to indicate how much 
they deviate from the direction favored by the 
applied magnetic field. Red magnets point nearly 
antiparallel to the direction favored by the applied 
field. The region of red connecting the vortex-
antivortex pair is the string of overturned spins 
tethering them together. 
The simulation demonstrates that when the 
system is heated up, the fluctuations of the 
string-its entropy-can become great enough to 
effectively allow pairs of vortices to unbind. The 
nature of this phase transition is unique in that it 
does not lead to singularities of the type seen in 
other phase transitions. 





An v 0 n e who has Lived under the 
flight p~ern of a major metropolitan or regional 
airport can attest that constant exposure to jet 
engine noise is a serious problem. Numerous 
studies have shown that the relentless roar from a 
busy runway poses all sorts of threats to the 
health and quality of Life of its nearby neighbors, 
from sleep disruption to Low birth weight. The 
reverberations from jet engine noise can become 
so intense that they have even been known to 
cause metal fatigue in aircraft components. 
Aircraft manufacturers have made tremendous 
strides in making jet engines quieter in the past 
several years by focusing on the shape of the noz-
zle, the outlet at the back of the jet engine where 
compressed air mixed with jet fuel is released 
to propel the airplane forward. However, these 
improvements are achieved through a time-
consuming, expensive trial-and-error process 
that involves comparing the way different kinds 
of nozzles alter the flow of air through the 
engine, resulting in different noise Levels. 
Moreover, while the experimental apparatus 
may achieve the desired results, it can't explain 
them. At NASA Glenn Research Center in 
Cleveland, Ohio, "researchers conducting the 
mechanical experiments have a table covered with 
different attachments to put on nozzles," explains 
Jonathan Freund, assistant professor in theoretical 
and applied mechanics at the University of 
Illinois. ''They try one after another, and if one 
works, they're happy. They don't know why; they 
don't know if it's the best they can do." 
However, what currently can't be easily deter-
mined directly from mechanical trial-and-error 
experiments very well could be simulated, and 
that's precisely what Freund and his graduate stu-
dent, Mingjun Wei, are doing. Using a code that 
Wei has written and that forms the basis of his 
dissertation, Freund and Wei are using NCSA's SGI 
Origin2000 and Platinum Linux cluster to clarify 
the nature of the mechanism of aerodynamic noise 
by working backwards. Work is under way to run 
the problem on the Titan cluster and the new IBM 
p690 system called Copper. 
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First prindples 
Sound is a traveling pressure disturbance in a 
fluid, which can be envisioned as an invisible rip-
ple in a pond. Closer to the center of the distur-
bance, the waves are shorter and their vibrations 
are more powerful. Farther from the disturbance, 
the waves grow Longer and the vibrations fainter. 
However, noise is a specific kind of sound, pro-
duced by friction between Layers of air that results 
in irregular vibrations that are extremely irritating 
to Listeners. 
The air Leaving a jet engine is highly unsta-
ble. Its unsteadiness creates the irregular vibra-
tions that we recognize as noise, just as the 
unsteady motions of a Loud speaker make noise, 
only a good deal Louder. The unsteady turbulent 
flow exiting a jet engine is very complex, so the 
underlying mechanisms of jet noise are unclear. A 
simplifying principle has not been identified. 
"There are some models that explain the phenom-
enon," Freund says, "but not to the fidelity that's 
needed to actually do something with them. So 
we're circumventing this lack of clear understand-
ing with the method we've developed." 
Thus, the noise produced by a jet engine can 
be described by the same set of equations that 
describe how the aircraft itself can fly. 
Beginning at the nozzle, where the noise is 
emitted with the jet exhaust, Freund and Wei 
compute the sound intensity at a distance from 
first principles-the most fundamental equations 
for a given phenomenon. In this case, first princi-
ples mean the Navier-Stokes equations, which 
describe the motion of a compressible fluid, in 
this case air. The Navier-Stokes equations relate 
the rates of change of fluid density, momentum, 
and energy to pressure differences and viscous 
forces in the fluid (the Last of which are created 
by the extreme friction generated when fluid Lay-
ers are perturbed). 
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Putting it in reverse 
Freund and Wei start with a simulation of a two-dimensional mixing 
layer, a thin turbulent region where two streams of fluid mix and create 
a layer of instability. This is phenomenologically similar to flow in the 
region just downstream of a nozzle. They numerically solve the Navier-
Stokes equations for this near-nozzle region without modeling a physi-
cal approximation of the field. This approach is called direct numerical 
simulation (DNS). They then solve the adjoint of the Navier-Stokes 
equations in reverse. The adjoint is an equation that superimposes the 
perturbations caused by changes in pressure on their numerical model 
of the near-nozzle region. Because Freund and Wei know both the ini-
tial conditions (the airflow past the nozzle) and the end result (sound 
intensity), they are able to identify the remaining piece of the puzzle: 
how sensitive the noise is to even the slightest change in nozzle condi-
tions. 
This last piece of information is especially crucial. JJAfter solving 
the equations in reverse,JJ says Wei, JJwe know how to change the con-
trol [conditions] at the nozzle to reduce the noise further." Simulating 
these processes numerically allows Freund and Wei to work with enor-
mous numbers of individual data points. JJBecause each control point 
in space and time is optimized individually, we are actually managing 
three million space/time control parameters." The runtime for a single 
simulation on Platinum is equally staggering-22,000 CPU hours. 
However, Wei has put a great deal of effort into parallelizing his code 
and estimates that on Copper, it will run five times as fast. 
JJWe have something unique right now," says Freund. JJWe have 
simultaneously a flow that makes a lot of noise, and a flow that's been 
perturbed slightly and is a lot quieter, and so we can go on from there 
and try to figure out what's changed. Hopefully we will be able to 
generalize that to more practical problems and learn from it." 
The production of noise from a jet 
nozzle. Freund and Wei focus on the 
near-nozzle area magnified in the 
inset, where the noise is most sensi-
tive to small changes. They begin at 
this point to solve the Navier-Stokes 
equations via DNS, moving from the 
point at which noise is emitted and 
backwards into the nozzle (blue 
arrow) to arrive at the initial condi-
tions. They are then able to solve 
the adjoint, which is essentially the 
reverse of Navier-Stokes (red arrow). 
The mixing layer that Freund and 
Wei simulate before solving the 
adjoint. The nozzle lip is indicat-
ed at left. The multicolored con-
tours in the background represent 
an unstable sound field generated 
by the pressure disturbance (vor-
ticity) caused by forcing gases 
through the nozzle. 
Freund and Wei apply a control to the nozzle 
lip (top) and solve the adjoint. The resulting 
sound field (bottom) is much more stable, 
as indicated by the relatively solid 
green contour. 
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Freund and Wei emphasize that the simulations they're per-
forming are intended to complement aerodynamical experiments 
going on at Glenn, Boeing, and other federal and commercial 
research facilities. While these simulations can't singlehandedly 
produce a quieter engine design, they can go a long ways toward 
helping aerospace engineers who are directly involved in mechan-
ical experiments understand the mechanism of aerodynamic noise 
caused by turbulence. J/We're hoping to guide the experimental 
process eventually through a better understanding of how noise is 
generated," says Freund. 
This research is supported by the U.S. Air Force Office of Scientific 
Research. 
For further information: 
http:/ jwww.tam.uiuc.edu/directory/faculty/freund.html 
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There's value to be found in any pile of 
data. When you're facing a molehill, it's easier to dig up. 
Patterns, if they exist, can be found with little effort. 
Predictions can be made based on those patterns. And 
any deviation from the norm catches your eye. But for 
Allstate Insurance Company, molehills gave way to moun-
tains not long after the company paid its first claim on a 
broken car door handle in 1931. Today, with more than 
30 million policies in force, finding patterns and devia-
tions in the vast customer, geographic, economic, and 
other data requires more than just a keen actuary and a 
slide rule. 
To glean more insight from the data that they col-
lect and have access to, Allstate has worked with mem-
bers of the NCSA's Automated Learning Group for more 
than five years in a field known as data mining. 
Data mining combines statistics, machine learning, 
pattern recognition, database management, and high-
performance computing to produce automated methods 
for analyzing data sets and discovering new knowledge. 
It's a burgeoning and challenging field that no company 
can afford to ignore in today's rapidly evolving business 
en vi ron ment. 
Together, the team has taken advantage of data 
mining to improve customer service, experiment with new 
pricing systems, and develop better ways for the compa-
ny's analysts to keep up with changes in the competitive 
environment. These efforts allow the company to work 
more efficiently and better target its products to its cus-
tomers-whether those customers are buying a new car, 
insuring their first home, or recovering from a fire. 
In April NCSA's Private Sector Program presented its 
2003 Grand Challenge Award to Allstate, honoring this 
expansive data-mining relationship. 
Wide range of implications 
NCSA's Private Sector Program gives partners access to all 
of NCSA's leading-edge technology and knowledge. It cre-
ates an environment in which companies are free to 
experiment with their most daring ideas. The annual 
Grand Challenge Award honors breakthrough research 
completed by private sector partners while working with 
NCSA. These breakthroughs ensure America's leadership in 
global business. 
"Our relationship with NCSA is ... judged on one criti-
cal dimension and that is our ability to execute our 
objectives in the marketplace better than anyone else. 
[We're going to] be able to take reams and reams of cus-
tomer data, and reams and reams of customer transac-
tions, and turn those into actions that the customers 
value," says Ronald McNeil, Allstate's senior vice presi-
dent of product operations. "The partnership between 
NCSA and Allstate has allowed us to turn information 
into action quicker than our competitors." 
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NCSA Director Dan Reed says that turning informa-
tion into action has wide-ranging implications. "Many of 
the problems in data management and data mining cut 
across a broad range of business environments and busi-
ness sectors. The common theme is business intelligence. 
And the way you glean that intelligence is by taking 
advantage of the raw data that your business produces in 
everyday practice. Data mining ... gives you the power to 
be earlier to market, to shape products that more correct-
ly and more accurately match the expectations of your 
customer base. It allows you to tailor products, to 
respond more nimbly to the business environment." 
More than 100 data-mining modules 
Allstate's work with NCSA relies heavily on the Automated 
Learning Group's premiere software, called D2K. Short for 
Data to Knowledge, D2K integrates more than 100 mod-
ules representing both common and unique data-mining 
algorithms. These algorithms can, among other things, 
clean up data sets and prepare them for computations, 
search for patterns, make predictions, identify unusual 
features, and visualize the data for further analysis. 
Within a visual programming environment, users can con-
nect these modules and create powerful problem-solving 
systems. 
From the data, they can forge knowledge. And from 
that knowledge companies like Allstate can make better 
decisions-about who and what to insure, how much to 
charge, and how to deliver what their customers may 
want and need. 
Roger Einbecker, Darryl Osman, and Michael Sullivan, all of Allstate, 
receive the 2003 Grand Challenge Award from NCSA's Dan Reed. 
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The D2K interface. 
"NCSA is one of the only places in the world that can offer 
a computational resource-the TeraGrid-a data-mining frame-
work-D2K-and access to application expertise through the 
Automated Learning Group to address these Large-scale data-
mining applications," says Michael Welge, director of the 
Automated Learning Group. 
Tactical Competitive Intelligence Network 
One of Allstate's greatest data-mining successes has come with 
its Tactical Competitive Intelligence Network, or TCIN. Relying 
on a subset of D2K modules that represent sophisticated text-
analysis algorithms, TCIN is a boon for the company's analysts. 
Analysts search the Internet and other information sources for 
data on things Like competitors' pricing structures or the safety 
ratings of a particular make of car, then they refine the cost of 
insurance policies offered by the company. 
The TCIN system relies on another piece of NCSA software, 
called VIAS, to retrieve data from the Web, newsgroups, and 
public mailing Lists to analyze competitive information. 
Algorithms selected from the suite of D2K tools and easily com-
bined using D2K's visual programming environment then filter 
the significant portions of the data retrieved, group similar and 
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related pieces of information, and classify those groupings. The 
system even visualizes the results. 
And all of this is done automatically. 
According to Jeff Deigl, Allstate's assistant vice president 
of product operations, research, and development, analysts use 
"three quarters of the time spent on a project getting the data 
and getting it prepared." Only that Last 25 percent is spent 
understanding what the data are telling them. "By shrinking 
the time that the analysts need to spend on data prep, it 
allows them to get to more projects and to be more effective in 
the analysis end product. Which is where, really, the key deci-
sions are made." 
Territorial Rate Making 
Allstate's Territorial Rate Making project gives the company 
another opportunity to refine the methods used to set the price 
of insurance policies in a given region. Traditionally, companies 
have simply Looked at the historical data for a given territory. 
With the help of NCSA and D2K, however, Allstate is taking a 
more complicated view. 
D ta Cl ning 
Data I 
I 
- -
Schematic of the data-mining process. 
"In setting our territorial rates, we've relied only on our inter-
nal loss data to estimate what we should charge in different geo-
graphicallocations ... NCSA and their tools have allowed us to sup-
plement that information with external data," says Deigl. "For 
example, in assessing the fire exposure we face, understanding the 
forest cover and the amount of precipitation in an area is very 
useful and helps us better estimate the losses we'll incur." 
By combining all of this data-and more importantly, by 
drawing new knowledge from this data-Allstate is doing what it's 
always done best: delivering competitively priced products that 
help meet the needs of its customers. It's a simple goal. And, 
through Allstate's partnership with NCSA's Private Sector Program, 
it's a goal that's better realized every day. 
"Our relationship with NCSA has grown over the years, and I 
would consider it now to be an extraordinary partnership. NCSA 
provides us a research environment that includes leading-edge 
hardware, software, and analytic methods that, when coupled with 
the research staff, allows us to address Allstate business problems 
in ways that we can't in our own computing environment," says 
Roger Einbecker, Allstate's assistant vice president of information 
technology. 
"NCSA helps us to better understand the knowledge of our 
business that's locked in our data." 
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The interface for D2K Streamline, a new software effort 
by the Automated Learning Group that presents the user 
with preconfigured data-mining options. 
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Nata l i a Maltsev calls bioinformatics a "sdence of big 
numbers." Instead of focusing on a single cell, protein, or organ-
ism in the lab or using computer simulation, bioinformatics looks 
at numerous organisms computationally. It is the search for simi-
larities and differences in hundreds of thousands of genome 
sequences, protein structures, and other features of biological 
systems and particles. When properly understood, these variations 
can show researchers a given piece of the system's function. 
Labs around the globe constantly churn out new sequences, 
running the gamut from the most simple virus to hugely complex 
organisms like ourselves. According to GOLD, an online guide to 
published genomic data, some 140 species' genomes have been 
completed and nearly 600 other organisms are currently being 
sequenced. In August 2002, GenBank, which is one of the main 
sequence databases, contained maps representing 22 billion 
nucleotide bases, the individual building blocks that make up a 
gene sequence. 
These data are a boon for bioinformatics experts Like Maltsev; 
they're the big numbers that make a science of big numbers pos-
sible. But working with them requires tedious search sessions and 
cumbersome analysis procedures. 
A new "analysis pipeline" that relies on grid computing 
promises to automate the genome-analysis process and make it 
much easier. The Genome Analysis and Database Update system, 
or GADU, is being developed by Argonne National Laboratory's 
computational biology group. The team includes Maltsev, 
Dinanath Sulakhe, and Alex Rodriguez, a PhD student in the 
University of Illinois at Chicago's bioengineering department, and 
is part of the Alliance's data quest expedition. The data quest 
expedition builds tools for data-intensive applications, Like those 
in bioinformatics, that run on Alliance and TeraGrid resources. 
Further help, support, and guidance come from 
throughout the Alliance by way of the scientific 
workspaces for the future expedition and the sci-
entific portals expedition. 
"The amount of data is increasing exponen-
tially," says Maltsev. "It dictates a need to really 
be able to scale up the analysis capabilities ... The 
grid and distributed computing provide an ideal 
match for the type of problems that bioinformat-
ics is facing." 
ummer Access 
"This is a great success for the field of bioinformatics-one 
of the first examples of the discipline taking full advantage of a 
grid-based system," says Dan Reed, director of NCSA and the 
Alliance. "One of the things we have Learned over the Life of the 
Alliance is that we're at our best when we form multidisciplinary 
teams and give those teams a clear mission as they focus on the 
deployment of technology. So this is also a great example of what 
the Alliance expeditions teams can do and how those teams can 
make contributions to a project from end to end." 
Tedious and difficult becomes automatic and reliable 
Before analysis can start, GADU has to cull the sequence data 
from specialized databases such as GenBank. Via a Web-based 
interface, GADU users select the databases that they are interest-
ed in, the bioinformatics tools they want to employ, and the fre-
quency with which they want their data analyzed. On that sched-
ule and with that List of goals, GADU compares the content of the 
selected databases to the data that are already stored on the 
user's Local system or a designated public server. Any new content 
is downloaded, old genome records are updated, and files for any 
new genomes are added to the user's library. Alternatively, the 
user may choose to be notified by email of new content and 
manually select data to be taken from the databases. 
Using Argonne's Globus toolkit, the sequence data are for-
matted so they can be easily passed to grid-based machines for 
analysis. Annotation data-notes on what other scientists have 
learned about the sequence-are parsed and stored separately. 
"What was tedious and difficult becomes automatic and 
reliable," says Maltsev. 
After a series of test runs on the Alliance's 
Condor system at the University of Wisconsin and 
the Chiba City cluster at Argonne, GADU was fully 
put through its paces in April 2003. The applica-
tion analyzed 59 microbial genomes in about a 
day. This process required that more than 10,000 
jobs be submitted and represented a five-fold 
improvement in turnaround time, according to 
Maltsev. The runs were completed on the 
Department of Energy's Science Grid using NCSA 
network bandwidth and storage space. Another 
run in June further solidified the system's value. 
The team compared 1.8 million protein sequences 
to one another using 200 hundred processors on 
a cluster at Argonne. What would have taken 
about seven years to complete on a single desk-
top system was finished in about three days. 
Schematic showing the relationships between 
GADU's acquisition, analysis, and storage modules. 
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WIT3, which allows researchers to model the metabolism of the organism 
genomic sequence data. WIT3 is developed by Argonne's computational 
biology group and will benefit from GADU. By automating genome analysis, 
GADU will allow for the timely incorporation of data into clearinghouses 
and for the further interpretation of that data using systems like WIT3. 
Once the new sequence data are found and taken from the 
public databases, GADU submits them to the grid's computational 
resources for analysis. GADU currently supports three of the most 
common bioinformatics tools that reside on machines around the 
world: Blast, Blocks, and Pfam. These tools, which are variations on 
a theme, do the painstaking work of assessing the sequences and 
finding variations. Biological sequences for which the functions are 
unknown are compared to those with known functions using compu-
tationally intensive algorithms. The analysis is automatically checked 
at various points in the process. If any of these checks fails, the 
analysis of that segment is aborted and restarted. 
"We're talking about a humongous number of comparisons," 
says Maltsev. "An average bacteria genome has 4,000 genes that 
encode proteins." Compounding that, "six or seven genomes are 
acquired every month, and the pace is ever increasing." 
Storage represents GADU's third function. The system places the 
annotations that accompany the public data in permanent storage, 
holds the files that are to be analyzed, and formats the results so 
they can be searched easily. An archive is also kept as GADU's acqui-
sition module collects updated versions of the same gene sequence 
over time. Finally, the system needs temporary storage where inter-
mediate versions of the data are kept during analysis. This space 
was provided by NCSA during the Argonne team's April run. Chimera, 
a data-management tool developed as part of NSF's Grid Physics 
Network (GriPhyN), controls the flow of these data and properly 
labels and catalogs them for future search. 
A change in the sodology of sdence 
A prototype of a GADU-based genome analysis server, including a 
public portal that will provide access to genome data that have 
already been analyzed, will be released by early fall. But the tool's 
implications are already fully realized in the minds of its creators. 
Most obviously, it makes the systems that bioinformaticists need for 
their massive calculations easy to use. 
The system's public portal, which is being developed by the 
Alliance's scientific portals expedition and scientific workplaces for 
the future expedition, expands GADU's benefits. 
Bioinformatics has historically been something of a cottage 
industry. Research groups build their own in-house computers to 
crunch their data. This situation leaves those at smaller universities 
and groups with less funding to struggle. With GADU's portal, how-
ever, "anyone can use precomputed results [that are in GADU's data-
base] or they can use the secure facilities of the public server to 
process their data. It will eliminate huge amounts of redundant work 
that people are doing," according to Maltsev. "I personally believe 
[this sort of thinking] will completely change the sociology of 
science. 
"It will provide access for a lot of scientists who couldn't even 
dream about this to the capabilities of large computations. For the 
sciences that rely on the computation of huge amounts of data or 
complicated simulations or huge models, it will provide the frame-
work. People will be free to quit thinking about the framework and 
implement the scientific part." 
Ian Foster-associate director of Argonne's mathematics and 
computer science division, co-leader of the data quest expedition, 
and a member of the Alliance's Executive Committee-concurs, 
pointing out that a framework like GADU has the ability to impact 
other disciplines. In a recent issue of Biolnform, a bioinformatics 
newsletter published by GenomeWeb, he said, "Everyone thinks 
they're special [when they're moving their applications to grid-based 
systems] .. .In some sense they're not because the basic technology 
requirements are the same." 
This research is supported by the National Science Foundation, the National 
Institutes of Health, the National Computational Science Alliance, and the 
University of Chicago. 
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